SU1780128 

OEPOOOC/EPO 

PN - SU1780128 A 19921207 
PD- 1992-12-07 

PR - SU 19904779997 19900109 

OPD- 1990-01-09 

Tl - ELECTRONIC MULTIPLIER 

IN - CHUBINSKIJ-NADEZHDIN IGOR V(SU); KAMENEV ALEKSANDR G (SU); LEBEDEV 
GENNADU V (SU) 

PA - INST ANALITICHESKOGO PRIBOROST (SU) 
IC - H01J43/04 

©WPl/OERWENT 

Tl - Electron multiplier for hybrid electron multiplier arrangements - has two focussing electrodes 
arranged mutually coaxially between micro-channel plate nearest to diode and diode 
PR - SU1 9904779997 19900109 

PN - SU1780128 A1 19921207 DW199350 H01J43/04 004pp 
PA - (ASAN-R) AS USSR ANALYT EQUIP CONSTR INST 
IC-H01J43/04 

IN - CHUBINSKII-NADEZHDIN I V; KAMENEV A G; LEBEDEV G V 

AB - SU1780128 Working voltage (600-900V) is applied to the micro-channel plates (1,2). Anode (3) 

receives reverse bias voltage (10-200V). A difference of potentials (6-1 OkV) is applied between 

electrodes (4,5). A bunch of electrons at the exit of plate (2) which contains 10 power4 to 10 powerS 

electrons corresponds to the primary particle impinging on the front of input of plate (1 ). These 

electrons are accelerated in the field between electrodes (4,5) and pass to the output surface (6) of 

diode (3) independently of the point of incidence of the primary particle. 

- USE/ADVANTAGE - Multiplier suitable for the construction of low energy charged particles 

detectors has the advantage of high stability of the amplification factor and fast action achieved by 

the use of at least two accelerating electrodes. Bui. 45/7.12.92 

-(Dwg.1/1) 

OPD -1990-01-09 

AN -1993-403306 [50] 
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(21) 4779997/21 

(22) 09.01.90 

(46) 07.12.92. Eio/i.-ISM5 

(71) HHCTHTyT aHa/iMTuneCKoro npw6opocTpo- 
eHuq HaysHO-TexHUMecKoro o6henv\Henv\a AH 
CCCP 

(72) AX.KaMeHeB, r.B./le6eAeB, H.B.Hybi/iH- 

CKMM-H3Ae>KflMH 

(56) riaiem cppaHunn fsh 2506518, 
K/i. H 01 J 43/04, 1981. 

riaTeHT cDpanqnM 1st 2494906, 
Kit. H 01 J 40/04. 1980. 

(54) 3/lEKTPOHHbllTl yMHOXHTE/lb 

(57) Hcnonb30BaHwe: 8 rneirrpoHHOft TexHwxe, 

B MaCTHOCTM 8 KOHCTpy Kl^MflX TUSpMAHblX 3/ieK- 

tpohhwx yMHO>KMTenG^i, nocTpoeHHWxHa 6a3e 
MUKpoKaHa/ibHbtx n/iacTHH (MKI1) w no/iynpo- 
BOAHUKOBoro AwoAa-ycu/inTe/iJi 3/ieKTpoHHoro 
noTOKa. CyiMHOCTb M3o6peTeHM«: s/ieKtpoH- 



hwm yMHO>KiiTe/ib C0Aep>KMT nocneAoeaTe/ibHO 
ycTaHOB/ieHHbie OAHy unw Hecxo/ibico MKn w 
no/iynpoBOAHMKOBw^ ahoa. 6oM6apAwpye- 

MbIM nOTOKOM 3/ieKTP0H08. BblXOAflUJHX 113 

MKD,npMMeM bwxoa 6/iwwawiuefi k A^OAy 
MKI1 m bxoa AuoAa 3/ieKTpnHecKn coeAMHeHbi 

C nepBWM M BTOp.bIM SyieXTpOASMM, COOTBeTCT- 

b6hho ycTaHOB/ieHHWMw Me>KAy MKn m aho- 
AOm, npMMeM nepBbiw 3/iexTpoA Buno/men b 
<J>opMe yceneHHoro KOHunecKOw noBepxHOc™, 
a BTopoCi 3/ieKTpoA Bwno/iHeH b 4>opMe yce- 
MeHHOw KOHMMecKOii noBepxHOCTM, conpfl>KeH- 

HOW C UMnMHAPWHeCKOlJi OOQepXHOCTblO, M 

ycTaHosneH coocho c nepBWM 3/iexipoAOM. 
npn noAase pasHOCTw noTeHuwanoB Ha stw 
anexTpoAbi Me>KAy MKn w awoaom o6pa3yeTCfl 
HeoAHOpoAHoe 3/ieKrpwHecKoe no/ie, o6ecne- 
HHBa*omee c6op anexTpcmoB c pa60Meii n/io- 
maAn MKn Ha BxoAnyK) nosepxHocTb amoab. 1 
3.n. <}>-/ibi, 1 m/i. 



l/l306peTeHMe OTHOCHTCfl K 3/16KTp0HH0ft 

TexHUKe h mo>k6t 6bub ucno/ib30BaHo b Hayn- 
hom npn6opocTpoeHnn npn pa3pa6oTKe Ae~ 

TeKTOpOB 33pfl>KeHHblX M3CTHU H M 3 KMX 

SHeprww. 

l/l3BeCTH3 KOHCTpyKUMfl 6b!CTpOAeMCTBy- 

KDmero 3/ieKTpoHHoro yMHO>KuiTe/ifl 3V na oc- 

HOBe M M K pO K 3H3/lbHblX n/13CTMH MKn, B 

KOTopoM nocne MKn yciaHOBneH Aono/iHM- 

Te/lbHblPl A MH °A C BblCOKMM K03<t><t>MMHeHTOM 
BTOPUHHOM 3MMCCMM. 3T0 n03BO/lfleT CHM3MTb 

ycM/ieHuie m nnoTHOCTb BbixoAHoro TOKa MKn. 
coxpaHMB BbicoKoe ycn/ienwe 3V % m pacwM- 
pHTb sepxHUM npeAe/i n3MepfleMwx uhtchcmb- 



HOCTew noTOKa MacTMu b HecKO/ibKO ascatkob 
pa3(npn Mcno/ib30BaHnn sMurrepoB c oipnua- 

Te/lbHbJM 3/ieKTpOHHblM CPOACTBOM. 

Oah3ko 3Kcn/iyaTai4M5i 3Y b ycraHOBKax c 
nepwoAH^ecKMM yxyALuenneM saicyyMa (Ha- 
npuMep. b cnexTpoMeTp3x 3apn>KeHHbix nac- 

TMU) npuiBOAHT K H606paTHMOM AG r paAaHMM 

TaKoro AMH0A3. 

l/l3BecTHW Tax>xe rw6pnAHbie 3Y. coAep- 
xamne Hap^Ay c MKn nonynpoBonnnkOBbie 
ycw/inTe/in 3/iexTpoHHbix noTOKOB, npMHqwn 

AeMCTBMfl KOTOPWX OCHOBdH H3 AB/ieHUM reHe- 

paqMw 3/iexTpoHHo-AwpoHHbix nap b pn-iiepe- 
xoab AnOAa npw ero 6oM6apAnpOBxe ncroxoB 
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3n8KTpOHOB.. Ko3<t><t>wuMeHT ycw/ieHHo AwoAa 
mower AOCTuraTb HecKO/ibKo twchh. oh Ma/io 
MyocTBMTeneH k bo3A6mctbmk> Doa^yxa m cta- • 

6M/ieM npn M3MGMCHMM BblXOflHblX TOKOB B UJM" 

Pokmx npeA^/iax. 5 

M3oecTHafl KOHcipyKunn 3Y, Bbi6panHan 
b KanecTBe npOTOTuna. coAepxMT nocneAOBa- 
TenbHO ycTaHOB/ieHHbte MKn m xpeMHMeBbiM 
n^aHapHbiw awoa. 6oM6apAMpyeMbiM piotokom 

3/ieKTpOHOB, Bb1XOA»U4MX M3 MKI1. 3/ieXTpOHW 10 

ycKopniOTcn b s/iexTpw^ecxoM no/ie n/iocKoro 

3D30pa Me>KAY BblXOAHOM nOBepXHOCTbK) MKfl 

n oxoAHOft noBepxHocTbK) AWA3. Tlpw pa3Ho- 
ctm noTCHuna/i.OB b 333ope He Menee 5 kB 
oGecneMHoaeTcn xo3<t><J>MUMeHT ycw/ieHUH am - 15 
OAa nop^AKa coieH-Tbtcnmi [3] m cootb6tct- 
eeviHO MpweT 6biTb pacujupeH npeAe/i 

H3MepfleMblX MHTeHCMBHOCTefi noTOKa HaCTMU. 

HeAOcraTKOM M3BecTHoui KOHCTpyxuMw 
3Y qB/weTca orpaHMMenwe bc/immmhw pa6oMei>i 20 
nnou4aAn MKn nnomaAbio exoAHOfi noBepx- 
hoctm A^iOAa, ^to hg no3Bo/ineT b no/iHOM Nie- 
pe pea/w30B37b npenMymecTBa rn6pMAHoro 
3Y. noBwiueHMq CTaGn/ibHOCTM ko34)(J)m- 
U^eHTa ycM/ieuMfl m AonroBeMHOc™ npw 6o/ib- 25 
, 5 ujmx sarpy3xax >Ke/i3Ten buo CHwweHMe 
n/iOTnocTM BbixoAHoro TOKa MKI1 nyieM nc- 
no/ib30BaHnn 6o/ib;uePi pa6oMei/i n/iomaAw(no- 

PHAK3 HeCKO/lbKMX KBaADaTHblX C3HTMMeTpOB 

npn 3arpy3Kax 6o/iee 10 6 ?nMn/c). OAHaxo co- 30 
OTBeTCTByiomee yBemmenMe n/iomaAw AuoAa 
npwBOAHT k yBe/inMeHMK) ero eMKOcru ao tw- 
c«m nMKOcJ>apaA. B yc/iOBMHx, KorAa hcbo3- 
mo)kho n pow3BO/ibnoe yMeii blue line 
conpoTMB/ieHun narpy3KM 3Y (HanpuMep, npw 35 
BK/iioneHuvi TOKoorpanMHMBaiOLuero pesncTo- 
pa b buxoahom uenn ai* 3amnTbi amoa3 m 
perncTpupyioiAei^ annapaTypw of bucoko- 
oo/ibTHwx npo6oes, a Tao<e npw nepeAane 
BbixoAHoro cnrnana 3Y no cor/iaconaHHOM /in- 40 

HUM C KOHeWHbIM BO/lHOBblM COnpOTMB/ieHWeM), 

nocTOAHHan BpeMeHM MHTerpnpyjomew uenn 
na obixoAe 3Y npeBbiwaeT 10-100 hc, orpaHM- 

MMB351 6blCTpOAeMCTBMe. 

He/ib M3o6peTenn« - noBbiweHwe era- 45 
Gn/ibHOCTM K03<J><t>nMnenTa ycn/ieHun m 6wct- 

pOAe^CTBUB 3Y. 

YK03aHHOfl ue/ibAOCTwraeTcn TeM,HTo3Y, 
coAep>Kau4MCi noc/ieAOB3TenbHO ycTaHOBnen- 
Hbie OAny n/in necKo/ibKO MKfl n no/iynpoBOA - 50 
HtiKOBbift a^oa b KanecTBe ycn/inTe/ifl 
aneKTpoHHoro noTOKa. cna6>xeH no weHbLueii 
Mepe AByMn 4>OKycnpyK)ii4MMM ayiexTpOAaMM, 
ycTanoB/ieHHbiMn coocho APyr APyry Me^KAy 
MKI1 m a^oaom. B/iaroAapp 3TOMy Me>KAy bw- 55 
xoahoCi noBepxHOCTbio MKfl u bxoahom no- 
BepxHocTbK) AMOAa co3AaeTCfl HeoAnopoAHoe 
3/ieKrpnMecKoe none. JlonepeMHoe ceMeHwe 
noToxa BbixoAHbix aneKTpOHOB MKn t ycxopyi- 
lomuxcfl b 3tom none, ywsHbUjaeTcn ao uenn- 



mmhu, paaiiOM n/iomaAM bxoahom nosepxHO- 
ctm AnoAa. TeoMeTpuMecKMe cooTHOiueHHq b 
KOHxpeTHbix Bwno/iHeHUflx 3/iexTpoAoa u nx 
B3anMHoe pacno/io>KeHne Bbi6npaioTcn . pac- 
neTHbiM nyreM Tax. mto6w no/iynMTb HeoSxoAM- 
Myio paBHOMepHOCTb c6opa a/iexTponoB co 
Bcew pa5onePi n/iouiaA" MKn Ha exoAHyK) no- 
BepxHocTb A^OAa 3aAaHHoro pasMepa (c yne- 
tom pa36poca HananbHbix cxopocTeM n 
HanpaBneHMM Bw/ieia anexTponoB M3 MKn). B 
npeA/iaraeMOM BapuiaHTe BwnonHeHiifl BHyT- 
peHn«« noBepxHOCTb oahopo H3 anexTpoAOB 
Bwno/iHeHa b (}>opMe yceMeHHoi^ KOHWHecxofi 
noBepxHocTM, a BHyTpeHHn a noBepxHOCTb 
BToporo b wno/iHeHa b <t>opMe yceneHHOM kohm- 
neCKOM noBepxHOCTM. conpflKeHHOfl cbomm 
MeHbiuuM ocHOBanneM c mi/wnAPHMecKofi no- 
BepxHocTbib, A^aMeip KOTopoi^ He npeBbituaeT 
AwaMeTpa MeHbitiero ocHOBaHnn xonyca nep- 
Boro 3/iexTpoAa, npn 3tom 3/iexTpoAbi ycia- 
HOB/ienbi Tax, hto bwxoa MriK coBMeunen c 
MeHbiuuM ocHOBanneM xoHyca nepBoro 3/iex- 
TpoAa, a BxoAHan nosepxHocTb a^oab coBMe- 
meHa c ocHOBanneM uwnnHApa BToporo 
3/iexTpoAa. 

llpeAnaraeMafl cJ>opMa 3/iexTpoAOB o6ec- 
neMMBaeT: 

a) Manwe Bapnaunn apeMenn npo/iera 

3/ieKTpOHOB OT MKF1 K AMOAy. mt O MCKAIOHaeT 

mx B/iMJiHMe Ha 6biCTpoAeMCTBMe 3Y; 

6) Ma/ibiM pa36poc yrnoB naAeHMa 3/iexT- 
Pohob na bxoa A^OAa m, xax c/ieACTBMe. nocTO- 
jihctbo K03<f)(f)viuMeHTa ycMneHwe awoa3 

H63aBMCMM0 OT MeCT3 Bbl/ieia 3/ieKTpOHOB c 

noBepxHocTM MKn. 

C0nOCT3BMTe/lbHblM aHa/lM3 C npOTOTM- 

noM noKa3btBaeT, mto npeAnaraeMbiw 3Y ot/im- 
MaeTCfl na/iMHweM 4>oKycMpyiomMx 3/iexTpoAOB 
Me>KAy MKn n bxoaom A^OAa, owno/ineHweM 
OAHOTO M3 HMX B <})opMe yceMeHHOM KOHMHe- 
ckom noeepxHOCTM, a APyioro - b (f>opMe yce- 

H e N H O M KOHMMeCXOM nOBepXHOCTM, 

conp«>KeHHOM c uM/iMHAPMMecKOM noBepxHO- 
CTbio, A^aweTp kotopom He npeebiujaeT A^a- 
MeTpa MeHbiuero ocHOBaHMn xoHyca nepBoro 
3/iexipoAa AwoAa " c ocHOBaHMeM unnnnApa 
BToporo 3/ieKTpoAa. TaxMM o6pa30M, 3a«B/iq- 
eMbiM 3Y cooTaeTCTByeT KpwiepMK) m hobm3- 
Ha*'. CpaBHeHMe 3ajiB/iqeMoro peiueHMj? c 

ApyrMMM TeXHMMeCKMMM petUeHMPMM B A3HH0M 
OO/iaCTM TeXHMKM He n03BO/1M/1M BbrflBMTb B HMX 

npM3H3XM, oT/iMMaiou^Me 3aRBnneMoe peine- 
HMe ot npoTOTuna, na ochob3hmm Hero mo>kho 
CAe/iaib bwboa o cootbctctbmm xpMTepMio "cy- 

UteCTBeHHUe OT/lMMMfl". 

Ha MepTe>xe cxeMaTMHHo M3o6pa>xeH 
npeAnaraeMWM 3Y (b ceneHMM nnocxocTbto, 
npoxoA«iMew nepe3 ocb CMMMeipMi.). npeA* 
CTaB/ieH npMMep KonxpeTHoro RhinoniieHMfl 
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3/ieKTpo/iOB. ycTaHaa/iwBaeMbix Meway MKn m 
3YcoAepwMT aee MKn 1 m2, nonynpoBOA- 

HMKOBblfi AH OA 3. 3/ieKTpOA 4. COeAMHeHHbIM c 

BbixoAOM MKfl 2 w 3/ieKTpoA 5. coeAnnenHbiM 5 
c bxoahom noBepxHOCTbK) 6 a^oas 3. 3/ieKT- 
poA 4 HMeeT 4>opMy yceHeHHbw kohumbckom 
noBepxHOCTM, a a/ieiapoA 5 - <J>opMy ycesen- 

HOW KOHMMeCKOfl POBepXHOCTU, COnpflWeHHO* 

C UM/lUHAPHMeCKOfi nOBepXHOCTbK). OTHOLUe- 10 

Hue paGoMux nnomaAew MKn m amoas mokgt 
6biTb Bbi6paHo He MeHee 10.. .100, b ashhom 
c/iynae oho cocTaB/iaeT 6o/iee 30. 

npeA/iaraeMbiti 3Y paGoTaei c/ieAy^muM 
o6pa30M. 15 

Ha MKn 1 m 2 noAaKDTcn pa6onne Hanpa- 
weHUH (600-900 B), Ha ahoa 3 noAaeTCH Ha- 
npp>KeHne o6paTHoro CMemeHMA (10-200 B). 
Me>KAy 3/ieKTpoAawn 4 m 5 npuK/iaAWBaeTca 
pa3Hocib noTeHuna/iOB 6.. ,10 kB. FlepBUMHOw 20 
MacTHLje, naAatometi Ha bxoa MKn 1 b npeAe-- 
nax pa6oneM n/iotuaAH MKfl cooTBeTCTByeT 
naKeT 3/ieKTpoHOB Ha BbixoAe MKH 2, coAep- 
>«aii4nft 10 4 ...10 5 3/ieKTpoHOB. 3th 3/ieKTpOHbl 
ycKOpfliOTca b none Me>KAy 3/ieKTpOAaMn 4, 5 25 
h npnxoA^T Ha BxoAHyio noaepxHOCTb 6 ahoa3 
3 He3aBncnMO ot MecTa naAeHwa nepBWMHOCi 
MacT^ubi. flpu stom ohm co3A3fOT b pn-nepexo- 
Ae nopRA»<a 10 3/ieKTpoHHo-AbipoHHbix nap, h 
b ueni/i AMOAa BOSHWKaeT MMny/ibC tokb j\iua- 30 

Te/lbHOCTbK) 1...3 HC. TaKMM o6pa30M, npw 

no/iHOM ycn/ieHMH 3Y He MeHee 10 7 oGmee 
ycu/ieHue MKfl He npeBbiwaeT nop«AKa 10 4 , 
6/iaroAap« MeMy o6ecneHMBaeTC« CTa6n/ib- 
HOCTb paGoTbi yMH0>KM7e/ifi npw noTOKax nac- .35 
tmu Ha BxoAe ao 10 8 MacT/c na 1 cm 2 pa6oMeii 
nnomaaw MKn. 

riocKo/ibKy n/iomaAb AnoAa 3HaMvue/ibHo 
MeHbtue 1 cm (HanpwMep, oko/io 3 cm 2 ), ero 
eMKOCTb He npeBbiujaeT HecKO/ibKwx AecflTKOB 40 
nnKoc})apaA. ConpoTMB/ieHwe warpy3Kn 3Y mo- 
>kgt 6biTb Bbi6paHO ncxoAfl M3 yAo6cTsa nepe- 
Aann ero ctirHa/iOB no cor/iacoB3HnbiM 
/iHHwnM BHyTpi/f m BHe B3KyyMHoCi KaMepw npw 
nocTO^HHOki BpeMeHH BbixoAHOM uenn 3Y ne 45 
6o/iee 1...2 hc. 

HcnbuaHHfl yMHOxure/ia Aa/in C/ieAyK)- 
lane pesy/ibTaibi: OTHOCMTe/ibHaa HecTa6n/ib- 



HOCTb Kos^^uweHTaycw/ieHMg npn 3arpy3*e 
ot 10 MMn/c ao 5* 10 MMn/c - He 6o/iee 2% 
(npw K03<t>4>umieHTe ycM/ieHwn oko/io 2 100: 
HepaBHOMepHocTb K03<()<|)iiuneHTa ycH^eHMq b 
npeAe/iax paOonefl n/iomaAM, cocTaB/isnomeM 
oko/io 1 cm - He 6o/iee 15%; AiuTenbHocTb 
BuxoAHoro MMny/ibca Ha no/iOBMHe bwcotw 
npw conpoTMB/ieHMM narpysKM 50 Om m buxoa* 
hom eMKocTM 3y oko/io 20 nO - MeHee 3 hc. 

HpeA/iaraeMaw KOHCTpyxunw 3Y no3Bo/in- 
eT ncno/ib30B3Tb pa6oHy»o nnomaAb MKfl b 
HecKO/ibKO AecflTKOB pa3 npeBwujaraiAyio n/io- 
aiaAb bxoahom noBepxHOCTM ahoab. Ho cpaB- 
HeHMio c npOTOTMnoM npw OAMHaKOBWX 

33A3H HblX eMKOCTJIX AMQAOB COXpaHfleTCfl 6bl- 
CTpOAeMCTBMe M 3H3HMTe/lbH0 yBe/lMHMBaeTCfl 

ct36m/i bHQCTb ycM/ieHM5? m AonroseHHOCTM. 

ripM OAHHaKOBblX 3dA3HHblX pa6oHwx n/ioui3- 

Aflx MKfl 6naroAapfl bo3mo>khoctm wcno/ib30- 
BaHMR AWAa MeHbmefi n/ioajaAw w MeHbujePi 
eMKOCTn B03pacTaeT 6biCTpoAeMCTBne 3Y. 
OopMyna M3o6peTeHMfl 

1. 3/ieKTpoHH biM yMno>KMTe/ib, coAep>Ka- 
noc/ieAOBaTe/ibHO ycTaHosneHHwe oAny * 

M/1M HeCKO/lbKO MMKPQK3Ha/lbHblX n/l3CTMH M 

no/iynpoBOAHWKOBbiM ahoa b KawecTse ycM/in- 
Te/ifl 3/ieKTpoHHoro noTOKa. OT/iwnaiomM- 
m c n TeM, mto, c ue/ibio noBuiueHMji cTa5M/ib- 

HOCTM K03(()(f)MUMeHTa yCM/ieHMfl M 6blCTpOAeM- 

CTBMq. yMHO>KMTe/ib CHa6>KeH no MeHbiueM 
Mepe AayMfl <J)OKycMpyK)iMMMM 3/ieKTpoAaMM. 
yCTaHOB/ieHHbiMM coocho Apyr APyry Me>KAy 
6nM>KaMiueM k AMOAy MiiKpoxaHa/ibHOM n/ia- 

CTMHOM M A^OAOM. 

2. YMHo>KMTe/ib no n.1, om m m a k> lu m m- 

C TeM, MTO OH CH36>KeH AByMH <})OKyCMpyK>- 

iummm 3/ieKTp0AaMM, BHyTpeHH»« noBepx- 
HOCTb OAHOrO M3 KOTopwx Bbino/iHeHa B <J)opMe 
yceneHHOM KOHMMeCKOM noBepxHOCTM, a BHyT- 
peHHflfl nosepxHocTb BToporo Bbino/iKeHa b 
<J)opMe yceneHHOM KOHWHecKoCi noBepxHOCTM. 

C0np?l>KeHHOM CBOMM MeHbUJMM OCHOBBHMeM C 

un/iMHApunecKOM noBepxHOCTbK), npw stom 

BblXOA MHKpOKaHa/lbHOM 11/iaCTMHbl coBMetneH 

c MeHbiuMM 0CH0B3H neM KOHyca nepeoro 
3/ieKTpoAa. a exoAHan noBepxHOCTb AMOAa co- 
BMeLueHa c ocuoBaHweM uw/iMHApa Broporo 

3/ieKTp0A3. 
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CocTdB me/ib A.KaMeHee 
PeAaKTop Y.KynpnKOBa TexpeA M.MopreHTa/i KoppeKTop /l./lyxaM 
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